complex patient" in NH and rarely provide recommendations for treatment of older adults with these characteristics (8) (9) (10) . A recent survey conducted among prescribing physicians in the United States showed that they used a variety of strategies to balance the benefits and harms of complex drug regimens and identified a number of barriers to care for complex patients and lack of data for outcomes most important for the patients, including pain and specific symptoms (11) .
The purpose of this study is to explore prescribing physicians' approach to pharmacological treatment of complex older adults in NH in Europe. In particular, the present study assesses "the prevalence of and patient characteristics" related to the use of multiple medications in a sample of NH residents in eight countries participating to the Services and Health for Elderly in Long TERm care (SHELTER) project.
Methods

Sample and Study Setting
The study sample consisted of 4,156 NH residents in 57 facilities of 7 European Union (EU) countries (Czech Republic, England, Finland, France, Germany, Italy, and The Netherlands) and 1 non-EU country (Israel), participating to the SHELTER study, a project funded by the Seventh Framework Programme of the EU (12) . The SHELTER study is aimed at validating the interRAI instrument for long-term care facilities (interRAI LTCF), a comprehensive standardized instrument, as an tool to assess the care needs and provision of care to residents of NH in Europe.
The study was conducted from 2009 to 2011. In each country, study partners identified a sample of NH willing to participate to the study. "The sample was not randomly selected and it was not intended to be representative of all NH in each country." Overall 57 NH participated to the study (Czech Republic: 10, England: 9, Finland: 4, France: 4, Germany: 9, Israel: 7, Italy: 10, The Netherlands: 4). Older adults residing in participating NH at the beginning of the study and those admitted in the 3 months enrollment period following the initiation of the study were assessed using the interRAI LTCF. "No exclusion criteria was adopted." Residents were invited to take part in the study and were free to decline participation. Ethical approval for the study was obtained in all countries according to local regulations.
Data Sources
The interRAI LTCF contains over 350 data elements including socio-demographic variables, numerous clinical items about both physical and cognitive status, as well as all clinical diagnoses (13, 14) . The interRAI LTCF also includes information about an extensive array of signs, symptoms, syndromes, and treatments being provided. The SHELTER study showed that the interRAI LTCF is a reliable instrument that enables the creation of databases that can be used to assess and compare characteristics of NH residents across countries, languages, and cultures (12) .
Study researchers responsible for data collection were trained following a previously validated procedure (15) . In each country, courses were organized to teach study researchers how to perform the assessment using the inter-RAI LTCF, including the specific forms and appropriate response codes, and to develop care planning. Study researchers were trained to use a variety of information sources, such as direct observation, interviews with the person under care, family, friends, or formal service providers, and review clinical records, both medical and nursing.
Outcome Measure
As part of the InterRAI LTCF assessment, study researchers collected information on all the drugs patients had been taking in the 3 days prior to the assessment. They were instructed to derive drug data from different information sources, including physician order sheets and medication administration record. Drug information included nonproprietary and proprietary name, Anatomical Therapeutic and Chemical code of the WHO Collaborating Centre for Drug Statistics Methodology, (16) formulation, dosage, frequency (number of times per day, week or month the medication is taken), and route of administration. Drugs with no ingredients that are absorbed systemically (i.e. topical treatments) and drugs ordered as needed and assumed in the 3 days prior to the assessment were also recorded. In line with previous publications, polypharmacy status was categorized in 3 groups: non-polypharmacy (concurrent use of 0-4 drugs), polypharmacy (concurrent use of 5-9 drugs), and excessive polypharmacy (concurrent use of ≥10 drugs) (17) (18) (19) (20) .
Independent Variables
The demographic variables included age and gender. The Cognitive Performance scale (CPS) was used to assess cognitive status. The Cognitive Performance scale combines information on memory impairment, level of consciousness, and executive function, with scores ranging from 0 (intact) to 6 (very severe impairment) (21, 22) . Cognitive impairment was categorized as follows: moderate (Cognitive Performance scale score 2-4) and severe (Cognitive Performance scale score ≥ 5) (21) . To evaluate functional status, the seven-point MDS Activities of Daily Living (ADL) Hierarchy scale was used (23) . The ADL Hierarchy scale ranges from 0 (no impairment) to 6 (total dependence). ADL disability was categorized as follows: assistance required (ADL Hierarchy scale score 2-4) and dependence (ADL Hierarchy scale score ≥ 5). The MDS Depression Rating scale was used to assess the presence of depressive symptoms and a score ≥ 3 was used to diagnose depression (24) . Behavioral symptoms were present if the participant exhibited one or more of the following symptoms in the 3 days prior to assessment: wandering, verbally abusive, physically abusive, socially inappropriate behavior, and active resistance of care. Falls were defined as a sudden loss of balance causing the contact of any part of the body above the feet with the floor occurring in the 90 days before the assessment. Weight loss was defined as loss of 5% or more of body weight in last 30 days or 10% or more in last 180 days. Presence of the following health problems in the 3 days prior to assessment was recorded: pain, dyspnoea, gastrointestinal (GI) symptoms (including acid reflux, constipation, diarrhoea, and vomiting), and dizziness. Data on clinical diagnoses were collected through a list of common or important diseases relevant to care embedded in the InterRAI LTCF. Clinical diagnoses were recorded by study researchers gathering information from the patient, the general practitioner, and after physical examination, careful review of patient clinical documentation and previous medical history. Flare up of a recurrent or chronic problem was defined as presence of an acute health condition (ie a new myocardial infarction, adverse drug reaction, influenza, urinary tract infection) or an exacerbation of a chronic condition (ie new-onset shortness of breath in residents with a history of asthma or increased pedal edema in a person with congestive heart failure), which requires evaluation by a physician and a significant increase in nursing monitoring.
Statistical Analysis
From the initial sample of 4,156 residents, those with missing data on medication used (n = 133; 3.2%) were excluded, leading to a final sample of 4,023 participants. Baseline characteristics of participants according to polypharmacy were compared using analyses of variance for normally distributed variables, nonparametric Mann-Whitney U test for skewed variables, and chi-square analyses for dichotomous variables. Generalized estimating equations were used to estimate the effect of polypharmacy on variables considered (25) . This methodology was applied in order to adjust for the potential confounding effect of facility and to take into account the correlation of observations within each facility. Variables entered in this model were age, gender, country and those variables associated with polypharmacy at p ≤ 0.10. Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were derived from this model. Analyses were performed using SAS statistical software, version 8 (SAS Institute Inc, Cary, NC).
Results
Mean age of 4,023 residents entering the study was 83.5 (SD 9.3) years, 2,945 (73.2%) were women, 3,333 (82.8%) had a length of stay ≥90 days and mean number of drugs used was 7.0 (median 7.0, SD 3.6). Polypharmacy (concurrent use of 5-9 drugs) was observed in 2,000 (49.7%) Table 1 presents patterns of drug use. Laxatives were the most commonly used drugs (41.8%), followed by antiulcer drugs (40.9%) and aspirin and antiaggregants (37.7%). The use of psychotropic drugs was common in this sample with more than one third of participating residents receiving benzodiazepines (36.0%) and antidepressants (35.6%) and more than one fourth of residents receiving antipsychotics (26.4%). Also cardiovascular drugs were commonly used in this sample, with 35.5% of residents using diuretics, 23.0% "angiotensin-converting enzyme inhibitors," 22.6% betablockers, 16.8% calcium channel blockers, and 14.8% statins. Analgesics (which included acetaminophen, nonsteroidal anti-inflammatory drugs, and opioids) were used by more than one third of study sample, while uncommon was the use of vitamin supplements (only 4.1% of study sample).
Characteristics of the study sample according to polypharmacy status are summarized in Table 2 . Residents on polypharmacy and excessive polypharmacy, when compared with those not on polypharmacy, had a less severe level of disability and cognitive impairment, a reduced rate of behavioral symptoms and a higher prevalence of depression, falls, pain, dyspnoea, GI symptoms, dizziness, and flare up of a recurrent or chronic problem. Finally, residents on polypharmacy and excessive polypharmacy presented a higher number of concomitant diseases and, in particular, ischemic heart disease, heart failure, Parkinson disease, stroke, diabetes, and cancer were more common in these groups as compared with the non-polypharmacy group. 
Discussion
The present study examines prevalence and factors related to polypharmacy and excessive polypharmacy in a sample of NH residents in Europe. Results of this study suggest that excessive polypharmacy is common in NH residents in Europe, with almost one out of four older adults in the SHELTER sample receiving 10 or more drugs and that not only comorbidity but also presence of specific symptoms (including GI symptoms, pain and dyspnoea) is associated with increased rate of excessive polypharmacy, while increasing age, functional, and cognitive impairment were associated with a reduced rate of excessive polypharmacy. Laxatives and antiulcer drugs are the most frequently used drugs, but also psychotropic drugs, including benzodiazepines, antidepressants, and antipsychotics, and cardiovascular drugs are commonly prescribed in the SHELTER sample. Prevalence of polypharmacy and excessive polypharmacy in the SHELTER population is higher when compared with studies conducted in community dwelling older adults, (17) (18) (19) (20) 26) but in line with studies assessing NH residents (6, 7) . Indeed NH residents are usually "frail" and present with multiple chronic diseases, which require multiple pharmacological treatments and increase their susceptibility to adverse medication effects (4, 5) . The use of multiple drugs together with the elevated probability of drug-drug and drug-disease interaction may explain the high incidence of adverse health outcomes associated with polypharmacy: different studies have highlighted an increased rate of adverse drug reactions, decline in physical and instrumental activities of daily living, increased risk of hospitalization, mortality, and ultimately an increment in medical costs associated with polypharmacy (18, (27) (28) (29) .
In addition, the prevalence of polypharmacy and excessive polypharmacy greatly differs across countries. This finding can be explained by different attitudes of prescribing physicians when facing the challenge of treatment and management of complex patients in NH. Indeed, "given the seemingly contradictory evidence of the harms and benefits of pharmacological treatments for chronic diseases and the lack of clear rules, prescribing physicians may choose different approaches and strategies" (10) . Although some physician may believe that that pharmacological treatment as recommended by guidelines for the treatment of chronic conditions would provide the best outcomes, others may be concerned from such an approach and believe that drug treatment may be tailored based on resident's characteristics (11) . However, data on characteristics of prescribing physicians potentially related to different prescribing attitudes (ie education, age, etc.) were not collected in the SHELTER study and the relationship between polypharmacy status and prescribing physicians attitudes cannot be explored in this sample. As expected, in the SHELTER sample, chronic diseases, requiring long-term drug treatment, are among the strongest determinants of polypharmacy and excessive polypharmacy. However, other relevant factors are closely related to these conditions. For example, presence of relevant symptoms, including pain, dyspnoea, and GI symptoms is associated with an elevated rate of polypharmacy and excessive polypharmacy. This finding highlights the fact that symptoms relief in NH residents is considered a priority and that the goal of treatment is most of the time improving quality of life rather than improving survival. This is also confirmed by the high prevalence of use of drugs indicated for the treatment of specific symptoms in this sample (ie laxatives or antiulcer drugs for GI symptoms or analgesics for pain).
Cognitive impairment is associated with a reduced rate of excessive polypharmacy. This may be related to several factors. First, several studies have emphasized the need to avoid drugs that may affect cognition or induce delirium and behavioral symptoms, when treating patients with coexisting cognitive impairment (30, 31) . This hypothesis is confirmed by the inverse association of behavioral symptoms with polypharmacy status observed in the study sample. Second, memory loss, decline in intellectual function, and impaired judgment and language, commonly seen in patients with cognitive impairment, may cause communication difficulties including decreased ability to report adverse effects (32, 33) . Third, the oral administration of multiple medications in end-stage dementia patients with feeding problems are additional burdensome consequences of polypharmacy in older adults with cognitive impairment (31) . Finally, cognitive impairment is associated with limited life expectancy and therefore limit the efficacy of pharmacological treatments and question the appropriateness of treatment (34) .
Finally, increasing age is associated to a reduced prevalence of excessive polypharmacy. This finding may be related to the lack of data on benefits of treatment of chronic diseases in the oldest old (35) . In addition, drug prescribing may be guided by weighing the patient's estimated life expectancy against the time required to achieve benefit from the medication treatment and for this reason in the oldest old with a limited life expectancy use of many drugs may be avoided (34) .
"Pattern of drug use in the SHELTER sample mirrors the one described in a recent survey conducted among more than 13,000 NH residents in the United States." In this study, the prevalence of use of laxatives (47.5%) and antiulcer drugs (43.3%) is very similar to the one we found in the present study (41.8% and 40.9% respectively) (7) . A surprising finding is the extremely elevated rate of use of benzodiazepines in the SHELTER sample, in contrast with the lower rate observed in the United States, where strict government guidelines regulates the use of benzodiazepines in NH and this class of agents is not covered by governmental drug benefits (6,7). These drugs, which are used for the treatment of common conditions observed among older adults, such as insomnia and anxiety, may cause cognitive impairment and increase the rate of falls and hip fracture, and for this reason, their use is often considered inappropriate (36, 37) .
Some limitations of the present study need to be recognized. First, the cross-sectional design of our research does not allow to establish a cause-effect relationship. Second, "although the InterRAI LTCF is a standardized, comprehensive assessment instrument, the recording of drug data is not its specific focus. In particular, only drugs prescribed in the three days prior to the assessment were recorded in the present study. This could have determined an underestimation of polypharmacy as several drugs may be assumed weekly (ie bisphosphonate), monthly (ie vitamin b-12 injection) or for short periods (ie antibiotics). In addition, we cannot dismiss conclusively the possibility that some drugs ordered by prescribing physicians are not administered and not taken by residents." Third, the definition of polypharmacy status we used included drugs with no ingredients that are absorbed systemically (ie eye drops, dermatological preparations). This approach was chosen in consideration of the fact that previous studies have shown that also topical treatments may increase the risk of iatrogenic illnesses (38, 39) . Finally, study sample was not meant to be nationally representative and therefore results cannot be generalized to all NH residents in each countries.
In conclusion, this cross-sectional study shows that polypharmacy and excessive polypharmacy are common among NH residents in Europe, but it widely varies across study sites. "This variability may suggest a suboptimal use of drugs because of inappropriate prescribing or nonprescribing in this sample and should stimulate more research aimed at improving prescribing practices for older adults." 
